Cytosolic lipid excess-induced mitochondrial dysfunction is the cause or effect of high fat diet-induced skeletal muscle insulin resistance: a molecular insight.
Mitochondria play a central role in the energy homeostasis in eukaryotic cells by generating ATP via oxidative metabolism of nutrients. Excess lipid accumulation and impairments in mitochondrial function have been considered as putative mechanisms for the pathogenesis of skeletal muscle insulin resistance. Accumulation of lipids in tissues occurs due to either excessive fatty acid uptake, decreased fatty acid utilization or both. Consequently, elevated levels cytosolic lipid metabolites, triglycerides, diacylglycerol and ceramides have been demonstrated to adversely affect glucose homeostasis. Several recent studies indicate that reduced insulin-stimulated ATP synthesis and reduced expression of mitochondrial enzymes and PPAR-γ coactivator, in high fat feeding (lipid overload) are associated with insulin resistance. Despite the fact, few notable studies suggest mitochondrial dysfunction is prevalent in type 2 diabetes mellitus; it is still not clear whether the defects in mitochondrial function are the cause of insulin resistance or the consequential effects of insulin resistance itself. Thus, there is a growing interest in understanding the intricacies of mitochondrial function and its association with cytosolic lipid excess. This review therefore critically examines the molecular cascades linking cytosolic lipid excess and mitochondrial dysfunction in the pathogenesis of high fat diet-induced insulin resistance in skeletal muscle. The sequential processes following the excess intake of high fat diet in skeletal muscle includes, accumulation of cytosolic fatty acids, increased production of reactive oxygen species, mutations and ageing, and decreased mitochondrial biogenesis. The consequent mitochondrial dysfunction is then leading to decreased β-oxidation, respiratory functions and glycolysis and increased glucolipotoxicity. These events collectively induce the insulin resistance in skeletal muscle.